Water shortage threatens agricultural sustainability in Horqin Sandy Land, northeast China. To explore the effects of various surface mulching patterns with micro-spray irrigation on the yield, water consumption (ET c ), and water-saving potential of maize (Zea mays L.), we used three treatments: straw mulching (JG), organic fertilizer mulching (NF), and no mulching (WG; control). In each treatment, plants were supplied with 500 mm of total water (irrigation plus precipitation) during the entire growing season and were irrigated with the amount of total water supply minus precipitation. Yield and water use efficiency (WUE) showed a significant negative correlation with water saving potential per unit yield (P y ) and water saving potential per unit area (S p ), which were also consistent with their relationships in the function model. Meanwhile, a remarkably positive correlation occurred between yield, WUE, and net economic profit, respectively. The JG treatment, which was mainly affected by light and temperature production potential (Y c ), grain yield, and ET c , showed the lowest P y (0.16 m 3 kg −1 ) and S p (2572.31 m 3 hm −2 ), and the maximum increase in yield, WUE, and net economic profit, extending to 16,178.40 kg hm −2 , 3.25 kg m −3 , 17,610.09 yuan hm −2 , respectively, which were significantly higher than those in NF and WG, (p <0.05). Thus, straw mulching with micro-spray irrigation was the best treatment for maximizing yield and WUE. Organic manure mulching and no mulching need further investigation, as these showed high P y and S p , which were together responsible for lower WUE.
Introduction
Maize (Zea mays L.) is the second most important grain crop in China. Inner Mongolia is one of the major maize production regions of China that supports the livelihood of farmers in the region [1] . Maize requires a substantial amount of water during the growth phase but 80% of Inner Mongolia is arid and semi-arid, and water shortage in these areas continues to worsen with global climate change [2] . In addition, increase in the cultivable area is remarkably slow; therefore, the crop production area is unlikely to expand in the region so increasing yield per unit area is the only solution to continually support maize-production dependent households [3] . The improvement of maize yield per unit area primarily depends on the extension and reform of agricultural water saving planting technologies [4] . On the one hand, surface mulching is commonly used because of its notable positive impact on water conservation and yield. There are reports that mulching conserves with sandy soil texture sensitive to wind erosion, has a mean annual precipitation of approximately 360 mm (265 mm in this growing season), an annual mean evaporation of around 1950 mm, and an annual mean temperature of 6.40 • C, of which the minimum monthly average temperature of −13.50 • C occurred in January and the maximum of 23 .80 • C in July. In the soil depth of 0-60 cm, soil organic carbon content, pH (1:2.5 water), and electrical conductivity (1:5 water) at 0-30 cm depth before planting are 2.48 g kg −1 , 9.23, 62.73 µS cm −1 , respectively. Field capacity was 12.77%, wilting point was 5.40%, water saturation was 30.24%, saturated hydraulic conductivity was 0.93 mm min −1 , as well as bulk density being 1.55 g cm −3 .
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Test Design
The trial was laid out in a completely randomized plot design. A total of 51 plots (2 m × 2 m), representing 3 treatments and 17 replicates, were created. The Zea mays. L. cv. Jingke 958 variety was chosen as the tested cultivar for all the treatments and was planted by a tube-shaped seeder on 27 April at a depth of 5 cm. The hole of the seeds was 2.5 cm in the direction of the row and was 3.0 cm in the direction of the column, which was reserved for the space of maize growth. The planting density of maize was 60,000 plants hm −2 . Each plot contained 4 rows, with 6 maize plants per row, that is, 4 rows of 6 columns, at a plant-to-plant spacing of 20 cm and row-to-row spacing of 36 cm ( Figure 2 ). The spacing of 0.5 m between each plot was provided for maintaining independence among treatments, and a buffer channel of 1 m width was provided in the neighborhood of experimental fields to avoid edge effects. The experimental field was oriented west to east. The field was rectangular in shape, with 9 m in the north-south direction and 44 m in the east-west direction. Three treatments were established: straw mulching (JG), organic manure mulching (NF) and no mulching (WG; control).
In the JG treatment, when the maize seedlings reached a height of 20 cm, crushed maize straw was evenly applied to 100% of the soil surface with 4000 kg hm −2 (1.6 kg per plot). In the NF treatment, Figure 1 . Location of Naiman desertification research station in China. Notes: the blue region represents Horqin Sandy Land; the yellow region represents the Naiman banner; the red flag represents Naiman desertification research station, CAS.
In the JG treatment, when the maize seedlings reached a height of 20 cm, crushed maize straw was evenly applied to 100% of the soil surface with 4000 kg hm −2 (1.6 kg per plot). In the NF treatment, cattle and poultry manure were the sources of organic manure. They were collected from the cattle and poultry farms located in Naiman banner and were uniformly mixed with soil 15 days before applying, making it fully rotten, preventing environmental pollution. Because organic manure that is not fully rotten contains various bacteria, this would cause a high incidence of crop diseases and insect pests, and affect the ecological environment when applied directly to farmland. Physical and chemical properties of the organic manure were, 145.77 g kg −1 of soil organic carbon, 260.49 g kg −1 of soil organic matter, 10.25 g kg −1 of total nitrogen, 8.64 g kg −1 of total phosphorous, and 11.57 g kg −1 of total potassium. When the maize seedlings reached a height of 20 cm, organic manure was evenly distributed on 100% of the soil surface with 30,000 kg hm −2 (12 kg per plot). In the WG (control) treatment, no surface mulching was used during the entire growth period of the maize.
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Irrigation Scheme
In each treatment, zonal micro-spray irrigation was used. Maize plants were supplied with 500 mm of water, including irrigation and precipitation, during the entire growth season. The irrigation amount was the total water supply minus precipitation. The maize growth season was divided into five stages: seeding, jointing, heading, filling, and ripening. According to the water requirements of maize at each growth stage, 15%, 35%, 22%, and 28% of the total water supply was applied to the seedling-jointing, jointing-heading, heading-filling, and filling-ripening stage, respectively [26] . The irrigation level was the same across all treatments. In each growth phase, if the precipitation exceeded the upper limit of the designed water supply, the water increment needed to be subtracted from the next irrigation, ensuring the same total water supply for all treatments throughout the entire growing season. Maize was irrigated on days with no or low wind (<1.5 m s −1 ) to achieve uniform irrigation. Irrigation regimes are summarized in Table 1 . Spray lines (42 m) were installed in the middle of the plot along the east-west direction, with a nozzle spacing of 50 cm and discharge rate of 1 L h −1 . Irrigation groundwater was measured continuously using flowmeters. 
In each treatment, zonal micro-spray irrigation was used. Maize plants were supplied with 500 mm of water, including irrigation and precipitation, during the entire growth season. The irrigation amount was the total water supply minus precipitation. The maize growth season was divided into five stages: seeding, jointing, heading, filling, and ripening. According to the water requirements of maize at each growth stage, 15%, 35%, 22%, and 28% of the total water supply was applied to the seedling-jointing, jointing-heading, heading-filling, and filling-ripening stage, respectively [26] . The irrigation level was the same across all treatments. In each growth phase, if the precipitation exceeded the upper limit of the designed water supply, the water increment needed to be subtracted from the next irrigation, ensuring the same total water supply for all treatments throughout the entire growing season. Maize was irrigated on days with no or low wind (<1.5 m s −1 ) to achieve uniform irrigation. Irrigation regimes are summarized in Table 1 . Spray lines (42 m) were installed in the middle of the plot along the east-west direction, with a nozzle spacing of 50 cm and discharge rate of 1 L h −1 . Irrigation groundwater was measured continuously using flowmeters. Note: N represents no irrigation; + represents irrigation increment and needs to be subtracted from the next irrigation; − represents irrigation loss, and needs to be added at the next irrigation. Date between precipitation and irrigation is continuous because the precipitation during the days of irrigation is automatically counted as the amount of precipitation in the interval between that irrigation and the next irrigation.
Field Management
The field was tilled approximately 1 week before sowing. At the time of tilling, a basal dose of fertilizer was evenly and equably distributed in the topsoil at a rate of 375 kg ha −1 (1.35 kg per plot) of diammonium phosphate (N-P 2 O 5 -K 2 O, 18-46-0) based on the N and P requirements; the fertilizer was applied in spade slits to avoid loss over the soil surface and sprinkled near the maize roots to ensure full absorption by the crops. No pesticides and insecticides were used during the whole growth period of maize to prevent the test results from being affected.
Climate Data
Slight fluctuations in temperature occurred among the different growth stages. The mean temperature was 24.60 • C ( Figure 3 ). Relative humidity was significantly higher in July and August, reaching a maximum of 100%, compared with other months (Figure 3 ). It was found that, from the calculation of the food and agriculture organization (FAO) Penman-Monteith Equation (2), reference crop evapotranspiration (ET o ) and precipitation were 501 and 261 mm, respectively ( Figure 4 ). The average ET o was 3.61 mm d −1 , with remarkable seasonal variation; ET o increased from April to July and then declined significantly after August, along with the decrease in solar radiation intensity and temperature. In August, lower ET o was positively related to lower temperature and higher relative humidity. 
Measurement of Indicators
Soil water content of 0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm in each growth stage was determined by the gravimetric method.
Soil temperature in the soil layer of 0-20 cm was measured by a thermometer during each growth period of maize.
Maize of each plot was harvested at the ripening stage, and 6 ears that were growing well were selected randomly in each plot. Drying the grain to constant weight at 85 °C, weighing by an electric balance for grain yield, the grain yields were then converted to a standard grain water content of 15.50% wet basis [27] .
ETc was calculated daily during the growing season by the soil water balance Equation (1) [28] :
where ETc was the total amount of actual evapotranspiration for the entire season (mm), I was the amount of irrigation water applied (mm), P was the precipitation (mm), Cr was the capillary rise (mm), Dw was the amount of drainage water (mm), Rf was the amount of runoff (mm), and △s was the change in the soil moisture content (mm). The soil moisture content measurement was used by the 
Maize of each plot was harvested at the ripening stage, and 6 ears that were growing well were selected randomly in each plot. Drying the grain to constant weight at 85 • C, weighing by an electric balance for grain yield, the grain yields were then converted to a standard grain water content of 15.50% wet basis [27] .
ET c was calculated daily during the growing season by the soil water balance Equation (1) [28] :
where ET c was the total amount of actual evapotranspiration for the entire season (mm), I was the amount of irrigation water applied (mm), P was the precipitation (mm), C r was the capillary rise (mm), D w was the amount of drainage water (mm), R f was the amount of runoff (mm), and s was the change in the soil moisture content (mm). The soil moisture content measurement was used by the conventional oven-dry method in soil layers (0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, and 80-100 cm).
No runoff was observed during the trials. Capillary rise was considered as negligible due to the deep water table level. Drainage water included precipitation under the effective rooting depth, according to the soil water content measurements in the soil layer at the effective rooting depth, was determined.
ET 0 was calculated per day during the growing season by using the FAO Penman-Monteith equation. The FAO Penman-Monteith equation is given by (2):
where ET 0 was the reference evapotranspiration (mm day −1 ), R n was net radiation at the crop surface (MJ m −2 day −1 ), G was soil heat flux density (MJ m −2 day −1 ), T was mean daily air temperature at 2 m height ( • C), µ 2 was wind speed at 2 m height (m s −1 ), e s was the saturation vapor pressure (kPa), e a was the actual vapor pressure (kPa), e s -e a was the saturation vapor pressure deficit (kPa), γ was the slope of the saturation vapor pressure curve (kPa • C −1 ), and ∆ was the psychrometric constant (kPa • C −1 ). Meteorological parameters needed to calculate ET 0 were derived from a local meteorological station. Water use efficiency (kg m −3 ) was calculated as (3) [29]:
where WUE was the water use efficiency (kg m −3 ), Y was the grain yield (kg hm −2 ), ET c was the total amount of actual evapotranspiration for the entire season (mm). Net economic profit (yuan hm −2 ) was calculated as (4):
where, total revenue = grain yields × average local price. The average local price for maize was 1.70 yuan kg −1 . The total cost included the cost of seed, fertilizers, sows, micro-spray irrigation belts, water pipes, maize straw, and organic fertilizers during the trial. Light and temperature production potential (kg hm −2 ) was calculated by the photosynthetic production potential multiplied by the revised function of temperature effect, and the expression is given by (5):
Y c was the light and temperature production potential, kg hm −2 ; Y p was the photosynthetic production potential, kg hm −2 ; f (T) was the revised function of the temperature effect. Water saving potential per unit yield (m 3 kg −1 ) was calculated as (6):
P y was water saving potential per unit yield, m 3 kg −1 ; WUE a was actual crop water productivity, kg m −3 ; WUE t was the theoretical crop water productivity, kg m −3 . Water saving potential per unit area (m 3 hm −2 ), was calculated as (7):
S p was the water saving potential per unit area, m 3 hm −2 ; P p was the proportion of crop water saving potential, %; W was the irrigation quota, m 3 hm −2 .
Data Collations and Statistical Methods
Effects of various surface mulching patterns on soil water content, soil temperature, yield, water consumption, water saving potential, and net profit of maize were plotted using Origin 8.0. Variance, correlation and stepwise regression analyses were performed using SPSS 20.0, while significant differences were detected using the least significant difference (LSD) test. The cost and net profit of various surface mulching patterns were compared using the quota comparison method. Tables were created in Excel 2010.
Results

Changes in the Soil Temperature and the Soil Water Content
Under micro-spray irrigation, variation in soil temperature and soil water content during the entire growth period of maize was not affected by the different surface mulching patterns. Soil temperature increased from the seedling stage to the heading stage, which remained relatively stable until the filling stage, and then declined. In each treatment, the soil water content was significantly higher at heading and maturity than at other growth stages ( Figure 5 ).
Results
Changes in the Soil Temperature and the Soil Water Content
The temperature of the 0-20 cm soil layer was the highest from the seedling stage to the heading stage, and the rate of increase of soil temperature reached 42.99%, 36.71%, and 37.55% in the JG, NF, and WG treatments, respectively ( Figure 5 ). Then, the soil temperature decreased from the heading to the ripening stage by 28.29%, 26.51%, and 28.24% in the JG, NF, and WG treatments, respectively. Overall, during the entire growth period of maize, the mean soil temperature (0-20 cm layer) in different treatments was in the order: NF > WG > JG.
Soil water content at each growth stage was lower in JG and WG treatments than in the NF treatment ( Figure 5) ; thus, the soil water content was directly related to the variation in soil temperature in different mulching treatments. However, there was no significant difference between JG, and WG, respectively, for the mean soil water content. In all three treatments, the soil water content was the highest at the heading stage, which was directly responsible for the higher irrigation proportion (35% of the total water supply). Compared with the seedling stage, the heading stage showed an increase in soil water content of 18.70%, 91.05%, and 8.33% in the JG, NF, and WG treatments, respectively. 
Water Saving Potential (Per Unit Yield and Per Unit Area)
Values of Py and Sp of maize in the JG treatment were significantly lower than those in the NF and WG treatments. Compared with the JG treatment, values of Py and Sp were significantly higher by 31.73% and 34.51%, respectively, in the NF treatment and by 20.21% and 20.08%, respectively in the WG treatment (p <0.05); however, no significant differences were detected in Py and Sp between the NF and WG treatments. Thus, under micro-spray irrigation, Py and Sp of maize in various treatments were in the order: NF and WG >JG ( Figure 6 ). The temperature of the 0-20 cm soil layer was the highest from the seedling stage to the heading stage, and the rate of increase of soil temperature reached 42.99%, 36.71%, and 37.55% in the JG, NF, and WG treatments, respectively ( Figure 5 ). Then, the soil temperature decreased from the heading to the ripening stage by 28.29%, 26.51%, and 28.24% in the JG, NF, and WG treatments, respectively. Overall, during the entire growth period of maize, the mean soil temperature (0-20 cm layer) in different treatments was in the order: NF > WG > JG.
Soil water content at each growth stage was lower in JG and WG treatments than in the NF treatment ( Figure 5) ; thus, the soil water content was directly related to the variation in soil temperature in different mulching treatments. However, there was no significant difference between JG, and WG, respectively, for the mean soil water content. In all three treatments, the soil water content was the highest at the heading stage, which was directly responsible for the higher irrigation proportion (35% of the total water supply). Compared with the seedling stage, the heading stage showed an increase in soil water content of 18.70%, 91.05%, and 8.33% in the JG, NF, and WG treatments, respectively.
Values of P y and S p of maize in the JG treatment were significantly lower than those in the NF and WG treatments. Compared with the JG treatment, values of P y and S p were significantly higher by 31.73% and 34.51%, respectively, in the NF treatment and by 20.21% and 20.08%, respectively in the WG treatment (p <0.05); however, no significant differences were detected in P y and S p between the NF and WG treatments. Thus, under micro-spray irrigation, P y and S p of maize in various treatments were in the order: NF and WG >JG ( Figure 6 ). The P regression model affecting the water-saving potential per unit yield and per unit area was 0.00, R 2 was up to 0.92, 1.00, respectively, with high fitting degree ( Table 2 ). This elucidated that under various surface mulching patterns, the index that affected Py was yield (R 2 = 0.92), and indexes that affected Sp were light and temperature production potential (Yc), yield and water consumption (ETc). 
Light and Temperature Production Potential, Yield and Water Consumption
The JG treatment showed the lowest ETc and the highest yield and WUE (Figure 7) ; however, no significant differences were detected in these parameters between the NF and WG treatments. The value of ETc was essentially the same in JG, NF, and WG treatments. Values of Yc in the NF and WG treatments were 16.18% and 13.32% higher than those in the JG treatment, respectively (p <0.05). However, maize yield in the JG treatment was 9.53% and 12.10% higher than that in the NF and WG treatments (p <0.05). In the current study, ETc was approximately 500 mm in the JG, NF, and WG treatments during the entire growth season; no significant differences were detected among them, probably because of the thickness of maize straw in the JG treatment and organic fertilizer in the NF treatment, which requires further investigation. Moreover, this difference was closely related to differences in the region, maize variety, and irrigation approach. The P regression model affecting the water-saving potential per unit yield and per unit area was 0.00, R 2 was up to 0.92, 1.00, respectively, with high fitting degree ( Table 2 ). This elucidated that under various surface mulching patterns, the index that affected P y was yield (R 2 = 0.92), and indexes that affected S p were light and temperature production potential (Y c ), yield and water consumption (ET c ). 
The JG treatment showed the lowest ET c and the highest yield and WUE (Figure 7) ; however, no significant differences were detected in these parameters between the NF and WG treatments. The value of ET c was essentially the same in JG, NF, and WG treatments. Values of Y c in the NF and WG treatments were 16.18% and 13.32% higher than those in the JG treatment, respectively (p <0.05). However, maize yield in the JG treatment was 9.53% and 12.10% higher than that in the NF and WG treatments (p <0.05). In the current study, ET c was approximately 500 mm in the JG, NF, and WG treatments during the entire growth season; no significant differences were detected among them, probably because of the thickness of maize straw in the JG treatment and organic fertilizer in the NF treatment, which requires further investigation. Moreover, this difference was closely related to differences in the region, maize variety, and irrigation approach. Light and temperature production potential, yield, water use efficiency and water consumption of maize under various mulching patterns. Note: JG represents straw mulching; NF represents organic fertilizer mulching; WG represents no mulching. Yc represents light and temperature production potential; ETc represents water consumption of maize; WUE represents water use efficiency. Bars labeled with different letters (lowercase) differed significantly among the treatments (p <0.05).
In the JG, NF, and WG treatments, correlation coefficients between water saving potential (Py and Sp) of maize and indexes affecting water saving potential were greater than 0.80 (Table 3) , indicating a high correlation. Values of Py and Sp changed significantly with yield (R >0.90). 
Economic Profits
Analysis of the economic profits of various treatments showed that the WG treatment with micro-spray irrigation was the least expensive (9575.33 yuan hm −2 ; Figure 8 ) because this treatment had no associated cost of surface mulching material. However, the WG treatment showed no significant difference compared with the JG and NF treatments because of the higher labor cost associated with no mulching in the WG treatment. Net profit was the highest in the JG treatment, which was significantly higher by 18.26% and 17.71% than those in the NF and WG treatments, respectively (p <0.05). The profit:cost ratio was 1.78 in the JG treatment, which was 22.14% and 13.93% higher than that in the NF and WG treatments, respectively. According to the regression fitting analysis, the net profit of maize showed a significantly negative linear correlation with Py and Sp, with the coefficient of determination (R 2 ) of 0.898 and 0.989, respectively (Figure 9 ). The higher the water saving potential, the smaller the net economic profit of maize; this explained why the net economic profit of maize in the JG treatment was higher than that in the NF and WG treatments. In the JG, NF, and WG treatments, correlation coefficients between water saving potential (P y and S p ) of maize and indexes affecting water saving potential were greater than 0.80 (Table 3) , indicating a high correlation. Values of P y and S p changed significantly with yield (R >0.90). Table 3 . Correlations between indexes affecting water saving potential. 
Index
Economic Profits
Analysis of the economic profits of various treatments showed that the WG treatment with micro-spray irrigation was the least expensive (9575.33 yuan hm −2 ; Figure 8 ) because this treatment had no associated cost of surface mulching material. However, the WG treatment showed no significant difference compared with the JG and NF treatments because of the higher labor cost associated with no mulching in the WG treatment. Net profit was the highest in the JG treatment, which was significantly higher by 18.26% and 17.71% than those in the NF and WG treatments, respectively (p <0.05). The profit:cost ratio was 1.78 in the JG treatment, which was 22.14% and 13.93% higher than that in the NF and WG treatments, respectively. According to the regression fitting analysis, the net profit of maize showed a significantly negative linear correlation with P y and S p , with the coefficient of determination (R 2 ) of 0.898 and 0.989, respectively (Figure 9 ). The higher the water saving potential, the smaller the net economic profit of maize; this explained why the net economic profit of maize in the JG treatment was higher than that in the NF and WG treatments. Figure 8 . Cost and profit of maize under various mulching planting patterns. Note: JG represents straw mulching; NF represents organic fertilizer mulching; WG represents no mulching. The average local price for maize was 1.70 yuan kg −1 . The total cost included the cost of seed, fertilizers, sows, micro-spray irrigation belts, water pipes, maize straw, organic fertilizers during the trial. Labor costs included the layout of the sample plot, weeding, sampling, irrigation, spreading fertilizer, and determination of sample. Bars labeled with different letters (lowercase) differed remarkably among different indexes (p <0.05). Figure 9 . Relationships between water saving potential and net economic profit of maize. Note: N represents net economic profit, yuan hm −2 ; Py represents water saving potential per yield, m 3 kg −1 ; Sp represents water saving potential per unit area, m 3 hm −2 . * represents regression effect was significant; ** represents regression effect was remarkably significant.
Discussion
Water Saving Potential
Currently, climate change is one of the major concerns of the environmental problem facing mankind, and agriculture is highly sensitive to climate change [30] . Temporal and spatial distribution patterns of climate resources, such as water and heat, are directly affected by meteorological factors, including solar radiation, temperature, and precipitation. Fluctuations in temperature and precipitation during the growing season affect crop productivity, ultimately affecting regional agricultural production [31] . Therefore, spatiotemporal distribution characteristics of the crop climate production potential represent the basis of comprehensive food production potential and provide a crucial theoretical basis for agricultural productivity planning and agricultural structural adjustment [32] . Water saving potential is a vital evaluation index for adjusting agricultural structure. In this Figure 9 . Relationships between water saving potential and net economic profit of maize. Note: N represents net economic profit, yuan hm −2 ; Py represents water saving potential per yield, m 3 kg −1 ; Sp represents water saving potential per unit area, m 3 hm −2 . * represents regression effect was significant; ** represents regression effect was remarkably significant.
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Discussion
Water Saving Potential
Currently, climate change is one of the major concerns of the environmental problem facing mankind, and agriculture is highly sensitive to climate change [30] . Temporal and spatial distribution patterns of climate resources, such as water and heat, are directly affected by meteorological factors, including solar radiation, temperature, and precipitation. Fluctuations in temperature and precipitation during the growing season affect crop productivity, ultimately affecting regional agricultural production [31] . Therefore, spatiotemporal distribution characteristics of the crop climate production potential represent the basis of comprehensive food production potential and provide a crucial theoretical basis for agricultural productivity planning and agricultural structural adjustment [32] . Water saving potential is a vital evaluation index for adjusting agricultural structure. In this study, soil water content at each growth stage was lower in JG and WG treatments than in the NF treatment ( Figure 5 ). However, there was no significant difference between JG, and WG, respectively, for the mean soil water content. This resulted mainly from the type and rate of the irrigation and the mulches. Because the soil moisture strongly depended on the precipitation and irrigation pattern (see irrigation scheme), the precipitation, irrigation pattern, and irrigation amount applying to all three treatments were the same. In addition, Zhao et al. [33] found that, compared with deep tillage with no mulch, mean soil water content of sunflowers was only higher by 5.75%, 2.50%, respectively, in 2011 and 2013, when straw mulch was used at a rate of 12,000 kg hm −2 , which was significantly higher than that of our study (4000 kg hm −2 ). Teame et al. [34] indicated that, by exploring the efficacy of organic mulching, sorghum straw mulching and rice straw mulching with a rate of 10,000 kg hm −2 increased mean water soil content of sesame by 33.29%, 42.05%, respectively, compared to no mulch. The efficiency of increasing soil water was more significant than that in Zhao et al. [33] , which would be due to the difference in the crops and the mulches. Therefore, it was suggested that yield, P y , and S p were not affected significantly by the water soil content, based on the results of the stepwise regression analysis ( Table 2 ) and the insignificant difference among the three treatments for water soil content ( Figure 5 ). The water saving potential was mainly affected by Y c , grain yield and ET c , and showed a positive correlation with Y c and negative correlation with grain yield and ET c . Therefore, both P y and S p were the lowest in the JG treatment; however, the WUE and water saving capacity of the JG treatment were significantly higher than that of the NF and WG treatments.
Photosynthetic production potential represents the maximum crop yield achieved only under light conditions. Y c was the maximum yield of crop subjected to both light and temperature constraints [35] . Regions that experienced a rapid decrease in the climate production potential of maize over the last 30 years show a dramatic increase in Y c , resulting from a dry climate [32] . Radiation and temperature are the most critical factors affecting Y c ; these factors decreased by −12.70% and −6.10%, respectively, when solar radiation of maize decreased by 10% or temperature increased by 1 • C during the growing season [35] . Under micro-spray irrigation, maize yield was the highest in the JG treatment, in which Y c was considerably lower than that in the NF and WG treatments, although no significant differences were detected in ET c among the three treatments. The photosynthetic production potential of the yield has been the main focus of research in northeast China [36] . The decrease in solar radiation is primarily responsible for the decrease in the photosynthetic production potential of maize. Spatial variation characteristics of the photosynthetic production potential of maize were similar to those of the surface solar radiation, both of which showed a decreasing trend from the southwest to the northeast [37] . Licker et al. systematically analyzed global maize yields and concluded that the maize yield would increase by 50%, if 95% of the maize cultivation areas worldwide met the climate potential. However, the difference between climate production potential and actual production was approximately 20% because of improvements in traditional farming patterns, economic costs, and technological measures, and the yield potential of maize was mainly affected by unreasonable farmland management and low technical levels. Therefore, conclusions explored in our study on the water saving potential of maize using different planting patterns and micro-spray irrigation are extremely conducive to the rational planning of the layout of planting areas, effectively improving maize yield and ensuring food security.
Yield and Water Consumption
Mulching has been adopted in numerous parts of the world as an approach to increase crop productivity [38] . Maize yield in the JG treatment was 9.53% and 12.10% higher than that in the NF and WG treatments (p <0.05), and was significantly higher than that reported by Sharma et al. [39] and similar to that reported by many scholars. Li and colleagues [40] showed that plastic mulching dramatically increases crop yield. Yin et al. [41] found that compared to conventional tillage without straw residue, integrating no tillage with two-year plastic and straw mulching improved grain yields by 13.8%, reduced soil evaporation by 9.0%, and reduced soil evaporation by 9.0%. However, in another study, straw mulching did not significantly affect yield under limiting soil water content [42] . In addition, ET c was approximately 500 mm in the JG, NF, and WG treatments during the entire growth season; no significant differences were detected among them, probably because of the thickness of maize straw in the JG treatment and organic fertilizer in the NF treatment, which requires further investigation. Our results of ET c were in contrast to those of previous studies. For example, Yin et al. [43] reported that plastic film together with straw mulching decreased total evapotranspiration by an average of 4.60% (p <0.05) compared with no mulching; Brar et al. [44] suggested that straw mulching resulted in 19.00% higher yield compared with no mulching, resulting in 36.20 mm higher transpiration and 44.20 mm lower soil evaporation; Sun et al. [45] confirmed that crop water consumption was reduced by 32 mm under straw mulching compared with no mulching, with no significant differences in WUE. Zhou et al. [46] indicated that compared with no mulching, straw mulching increased maize yield by 10.6% and 12.5% under a drip irrigation system in 2016 and 2017, respectively, and achieved 6.1% lower water consumption. The contradiction was mostly responsible for the enhanced maize straw mulching amount in their study, which was significantly higher than that of our study. Moreover, this difference was closely related to differences in the region, maize variety, and irrigation approach.
Economic Profits
Economic profits include the rate of input application and the rate of consumptive use in irrigation and fertilizer [47] . Net profit was the highest in the JG treatment, which was significantly higher by 18.26% and 17.71% than those in the NF and WG treatments, respectively (p <0.05). Similar net profit has been reported in rice using straw mulching in water saving production systems [48] . In this study, the profit: cost ratio was 1.78 in the JG treatment, which was 22.14% and 13.93% higher than that in the NF and WG treatments, respectively. This was consistent with the results of Sharma et al. [39] ; the authors showed that the profit: cost ratio was the highest (0.62) with straw mulching, although this ratio was markedly lower than that obtained in our study. In other studies, drip irrigation resulted in net economic profits of 4359.58-6240.19 yuan hm −2 , which were higher than those obtained by furrow irrigation [44] . Small amounts of maize cob biochar would also attain higher net profit through increased yields [49] . Sweet maize and green beans grown in rotation resulted in a greater increase in net profits compared with potato monoculture [50] . Therefore, straw mulching with micro-spray irrigation elevated furthest economic profits of maize, compared to organic manure mulching and no mulching.
Conclusions
Under micro-spray irrigation, maize yield and WUE were the highest in the JG treatment with 16,178.40 kg hm −2 , 3.25 kg m −3 , respectively, in which Y c was significantly lower than that in the NF and WG treatments. The three treatments showed no significant differences in ET c . The water saving potential (including P y and S p ) of maize was positively affected by Y c and negatively affected by grain yield and WUE. Therefore, values of P y and S p were the lowest in the JG treatment, were just 0.16 m 3 kg −1 and 2572.31 m 3 hm −2 , respectively, but no significant differences were found, compared to NF and WG treatments. The net economic profit of maize was negatively correlated with the water saving potential in all treatments, which was primarily responsible for the negative relationship between water saving potential and yield, WUE, respectively. So, the maximum of net economic profit appeared in the JG treatment, was up to 17,610.09 yuan hm −2 , and was higher than that in the NF and WG treatments (p <0.05).
The yield, WUE, and water saving capacity of the JG treatment were significantly higher than that of the NF and WG treatments. This suggests that straw mulching with micro-spray irrigation should be applied in local appropriate farmland. Given the lower WUE and higher water saving potential of the NF and WG treatments, it is important to explore these planting patterns further. valuable comments on the manuscript.
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